Cell culture and transfection: HT-1080-SG1 and SG2 tumor cell lines were kindly provided by Eric Stanbridge (Stanford, CA), AKT knockout MEF's were kindly provided by Dr. Birnbaum (University of Pennsylvania PA). NPM -/-, p53 -/and p53 -/-MEFs were kindly provided by Pier Paolo Pandolfi (Harvard, Boston MA). PSN1 cells were kindly provided by Thomas Brunner (University of Oxford) and subsequently genotyped at the DDC laboratories, London, to confirm cell identity. The mutation data reflects the information on the COSMIC Cell Line Project database http://cancer.sanger.ac.uk/cancergenome/projects/cell_lines/. All other cell lines were obtained from the American Type Culture Collection (ATCC). Cells were cultured in DMEM containing 4.5 g/l glucose (Invitrogen) supplemented with 10 % fetal bovine serum (Invitrogen), penicillin (100 units/ml), and streptomycin (100 mg/ml). All cultures were maintained at 37°C in water saturated 5 % CO 2 with the exception of MRC5 cells which were cultured at 37°C in 3 % O 2 /5 % CO 2 . Cells were plated to 80 % confluence prior to siRNA transfection. Smartpool siRNA (Dharmacon) against NPM, p14 ARF and AKT were used where indicated. Individual siRNA against NPM (ACAAGAAUCCUUCAAGAAA) was used in conjunction with re-expression of NPM constructs. sip73 sequences (GCAAGCAGCCCAUCAAGGA and GAGACGAGGACACGUACUA), sip53 (GACUCCAGUGGUAAUCUAC), siULF (GGUAGUGACUCCACCCAUUUU). Cells were transfected with plasmid or siRNA (50 nM) construct using Lipofectamine 2000 (Invitrogen) or Dharmafect (Dharmacon) for 48 hours prior to drug treatment. Mutant p53 plasmids (R248W & R175H) cloned into pcDNA3 vector backbone were a kind gift from KPC mice derived cell lines: Pdx1-cre, KrasG12D, Trp53flox, Trp53R172H and ARF-/-mice have been described previously [1-5] . Mice were kept in conventional animal facilities and experiments were carried out in compliance with UK Home Office guidelines. Genotyping was performed by Transnetyx (Cordova, TN, USA). Animals were monitored until showing symptoms of late stage pancreatic cancer and then sacrificed as per institutional guidelines. Tumor and metastatic burden was assessed by gross pathology and histology.
position 48. Peptide synthesis and immunizations were carried out by Eurogentec. The anti phospho-Ser48-NPM used in this study was affinity purified against the phosphopeptide. Secondary antibodies anti-mouse and anti-rabbit HRP conjugates were purchased from Pierce and the Jackson Laboratory.
Fluorescent tagged antibodies for use on the Licor Odyssey western blot imaging system were purchased from Licor and Invitrogen. Fluorescent conjugated secondary antibodies for immunofluorescence were purchased from Invitrogen.
Protein biochemistry
Preparation of cell lysates and western blot: Unless specified otherwise, whole cell lysates were prepared by lysing cells with 1% NP-40 lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 2 mM EGTA, 5 mM MgCl 2 , 1 % (v/v) NP-40, 10 mM sodium β-glycerophosphate, 50 mM NaF, 1 mM Na 3 VO 4 , 5 mM sodium pyrophosphate and 'Complete' proteinase inhibitor cocktail EDTA free (1 tablet/10 ml lysis buffer (Roche)). Lysates were rotated end over end for 30 min at 4ºC and centrifuged (20,817 x g, 10 min) before the addition of NuPage sample buffer or SDS-PAGE sample buffer (1x concentration, 62.5 mM Tris-HCl pH 6.8, 25 % (v/v) glycerol, 2 % (w/v) SDS, 0.01 % (w/v) bromophenol blue). For immunoprecipitation, lysates were pre-cleared (4 ºC, 1 Hr) with protein-G coupled to magnetic beads (Millipore), prior to incubation with antibody conjugated to protein-G magnetic beads. Lysates and antibody coupled beads were rotated end over end at 4°C for at least 3 Hrs. Immunoprecipitates were washed (4 x 1ml) with lysis buffer minus the protease and phosphatase inhibitors. Immunoprecipitated proteins were boiled in SDS-PAGE sample buffer for western blot analysis.
Nuclear lysates were prepared as described previously [6] with additional modifications. Briefly, 3-5 x 10 6 cells were trypsinised and harvested by centrifugation (500 x g, 5 min) , washed twice in TBS and resuspended in 1-2 ml ice cold buffer A (10 mM HEPES pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF) by gently pipetting in a 1 ml tip. The cells were left on ice for 15 min to swell, after which 75 µl of 10 % NP-40 was added. The tube was vigorously vortexed for 10 sec and centrifuged at 500 x g for 2 min. The supernatant, which constitutes the cytoplasmic fraction, was removed. The nuclear pellet was re-suspended in 150 µl ice-cold lysis buffer (150 mM NaCl, 20 mM Hepes pH 7.5, 0.5 mM EDTA, 0.5% (v/v) NP-40, 10 mM sodium β-glycerophosphate, 50 mM NaF, 1 mM Na 3 VO 4 , 5 mM sodium pyrophosphate and 'Complete' proteinase inhibitor cocktail EDTA free (1 tablet/10 ml lysis buffer) and the sample sonicated. The nuclear extract was centrifuged (20,817 x g, 15 min, 4 0 C) and the supernatant containing the nuclear extract was used as an in-put for immunoprecipitation or added to SDS-PAGE sample buffer as described above.
For western blot, samples were boiled (100 ºC, 5 min) and proteins resolved on NuPage Bis-Tris gels (Invitrogen). Resolved proteins were transferred by western blot to PVDF (Millipore) or Nitrocellulose Primary antibody detection was achieved with HRP conjugated secondary antibodies (Pierce) and exposure to X-Ray film (Kodak). For blots which were quantified, samples were run by western blot and transferred onto Nitrocellulose membrane (Biorad). Membranes were blocked in Licor blocking buffer and incubated with primary antibody overnight followed by incubation with fluorescently conjugated secondary antibodies. Membranes were scanned on the Licor Odyssey infrared scanner and signal intensity determined using the Odyssey software (V3.0). Signals were normalized to GAPDH as a loading control. All quantification was done on the same nitrocellulose membrane without stripping.
In-Vitro Kinase assay: Endogenous AKT was immunoprecipitated from T24 cells, glycine eluted and combined with immunoprecipitated HA-NPM, HA-NPM-S48A or anti HA-IP from non-transfected cells as indicated in 1 x kinase buffer (Cell Signaling). The reaction was incubated with cold ATP (20 µM) and radio-labeled gamma 32 P ATP (2 µM) at 37°C. The reaction was heat inactivated in the presence of denaturing SDS-PAGE sample buffer, separated by SDS-PAGE, western blotted and exposed to a phosphor screen. The membrane was additionally probed by standard western blot.
Ubiquinitation assays: H1299 cells (1 x 10 6 ) were transfected with pcDNA3 expressing either HAtagged Ubiquitin or Myc-tagged Ubiquitin (10 µg) alone or in combination with pcDNA3 expressing p53 Wt (10 µg) or the p53 mutants R175H or R248W (10 µg) using Lipofectamine 2000 (Invitrogen). 24 hrs following transfection cells were treated with 10 µM MG-132, 5 µM MK-2206 or 5 µM Nutlin3A as indicated in the figure legends. Cells were washed twice with PBS and lysed by scrapping in ice cold RIPA buffer (50 mM Tris pH 8.0, 150 mM NaCl, 1 % (v/v) Triton X 100, 0.5 % (w/v) sodium deoxycholate, 0.1 % (w/v) SDS, 1 mM EDTA, 1 mM EGTA , 50 mM NaF, 1 mM Na 3 V0 4 , 10 mM sodium β-glycerophosphate, 5 mM sodium pyrophosphate and 'Complete' proteinase inhibitor cocktail EDTA Free (1 tablet / 10ml lysis buffer) supplemented with 1 mM N-Ethylmaleimide. Lysates were rotated end over end (4ºC, 30 min), sonicated, centrifuged (20,817x g, 15 min, 4ºC) and pre-cleared with protein G coupled to magnetic beads (Millipore). Pre-cleared lysates were incubated with the appropriate antibody conjugated to protein G for 3 Hrs. Protein G beads were washed with 50 mM Tris pH 8.0, 150 mM NaCl, Purification of p14 ARF from HeLa Nuclear extracts: Fractionation of HeLa cells was performed as previously described [7] . Briefly, 20 grams of HeLa cell pellets (Cilbiotech, Mons, Belgium) were 
Molecular Biology and Retrovirus Production:
The following plasmids were purchased from Addgene; pBABE puro-myr-FLAGAKT1 (Addgene plasmid 15294), [8] , pBABE PuroL myr-HA-AKT2 (Addgene plasmid 9018), pBABE-puro-K-Ras V12 (Addgene plasmid 9052) and pcDNA3 MDM2 S166D S186D For retroviral production and infections 6 x 10 6 293T cells were seeded into a 10 cm dish 16 Hrs before transfection. 293T cells were transfected with 10 µg pBABE plasmid and 10 µg pCL-Eco packing vector using calcium phosphate according to standard protocols. 1 x 10 5 NPM -/-P53-/-MEFs were seeded on a 10 cm dish 24 hrs before the first infection. Virus containing supernatants were filtered (0.4 µm) and Each point on the survival curve represents the mean surviving fraction from at least three dishes.
Clonogenic survival curves are representative of independent replicate experiments.
3D colony growth assay: 3D colony assay of the KPC mouse derived cells was adapted from a previously described protocol for 3D culture of mouse pancreatic cells [9] . Cells were resuspended at a density of 2.5 × 10 3 cells/0.5 mL in methylcellulose-based colony culture medium. In short, 1 mL of the injections. Inhibitors were given daily for up to 2 wk. Immunoprecipitates and whole cell lysates were probed with the indicated antibodies. 
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